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(54) ORGANIC ELECTROLUMINESCENCE ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase the luminous intensity 
and display stable performance, even after repeated uses by 
forming an electron injection layer of a thin film of lithium fluoride, 
and specifying its thickness. 

SOLUTION: A hole injection transport layer 2, an organic luminous 
layer 3, an electron injection layer 4 and a negative electrode 5 
are laminated in this order on a positive electrode I. Lithium 
fluoride with a film thickness of 0.1-0.4 nm is used for the ?fS 
electron injection layer 4 so as to improve an electron injection 
property. The film of lithium fluoride is made very thin, so as to 
make the flow of electrons extremely smooth by increasing the 
electric field strength. Luminescence start voltage required to 
make an organic electroluminescence element luminous can 
therefore be made low, so as to obtain stable luminescence for 
many hours. Such an organic electroluminescence element can 
therefore be applied to various display devices. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The organic electroluminescence element characterized by the thickness being 0.1-0.4nm.by 
an electron injection layer consisting of a thin film of lithium fluoride in the organic electroluminescence 
element which prepared an anode plate, a luminous layer, an electron injection layer, and cathode at 
least. 

[Claim 2] The organic electroluminescence element according to claim 1 characterized by the thickness 
of an electron injection layer being 0.2-0.4nm. 

[Claim 3] The organic electroluminescence element according to claim 1 characterized by coloring 
matter being doped by the luminous layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an organic electroluminescence element. 
[0002] 

[Description of the Prior Art] An organic electroluminescence element is a component which emitted 
light according to the electrical signal, and was constituted, using an organic compound as photogene. 
The organic electroluminescence element consists of counterelectrodes of the pair the organic luminous 
layer and this whose layer were pinched fundamentally. Luminescence is a phenomenon which emits the 
excessive energy as a light, in case the emitter which the emitter in a luminous layer was excited by the 
higher energy level, and was excited returns to the original ground state by pouring in an electron from 
one side of an electrode and pouring in an electron hole from another electrode. 
[0003] And in order to gather luminous efficiency, the configuration which prepares a hole-injection 
layer in the electrode which pours in an electron hole further in addition to the above-mentioned 
fundamental configuration, or prepares an electronic transportation layer in the electrode which pours in 
an electron is taken. 

[0004] As an example of an organic electroluminescence element, that for which the single crystal 
anthracene etc. was used as an emitter is indicated by the United States patent No. 3539325 
specification. Moreover, what combined the hole-injection layer and the organic emitter layer is 
proposed by JP,59-194393,A. What combined the organic hole-injection transportation layer and the 
organic electron injection transportation layer is proposed by JP,63-295695,A. 

[0005] It has structure which carried out the laminating of the organic substance (charge transportation 
material) and the electrode of an organic fluorescent substance and charge transportability, and the 
electron hole and electron which were poured in from each electrode move in the inside of charge 
transportation material, and the electroluminescence devices of these laminated structures emit light, 
when they recombine. As an organic fluorescent substance, the organic coloring matter which emits 
fluorescence, such as an eight-quinolinol aluminum complex and a coumarin compound, is used, 
moreover — a charge — transportation — material — ****** — for example — N — N — ' - JI (m- 
tolyl) — N — N — ' - diphenyl — a benzidine — one — one - a screw — [ — N — N - JI (p-tolyl) — 
aminophenyl — ] — a cyclohexane — ** — having said — diamino — a compound — four - (N and N- 
diphenyl) — amino — a benzaldehyde - N — N - diphenyl — a hydrazone — a compound — etc. 
raising — having . Furthermore, a porphyrin compound like a copper phthalocyanine is also proposed. 
[0006] By the way, although organic electroluminescence equipment has the high luminescence property, 
it has not resulted in utilization rather than is enough in respect of the stability and preservation 
stability at the time of luminescence. The stability of charge transportation material is pointed out as 
one of the troubles in the stability at the time of luminescence of a component, and preservation 
stability. The layer formed with the organic substance of electroluminescence devices is very as thin as 
100 - 100nm of numbers, and the electrical potential difference applied to per unit thickness is very high. 
Moreover, there is also generation of heat by luminescence or energization, therefore electric, thermal, 
or chemical stability is required of charge transportation material. 



[0007] Although Appl.Phys.Lett.70(2) and the organic electroluminescence element which used lithium 
fluoride for the electron injection layer 152-154 are proposed, it is reported that 0.5-1 nm of the 
thickness is good. 
[0008] 

[Problem(s) to be Solved by the Invention] The place which this invention was made in view of the 
above situations, and is made into the purpose is to offer the organic electroluminescence element 
which demonstrates the engine performance stabilized even if luminescence reinforcement was large 
aod used it repeatedly. 
[0009] 

[Means for Solving the Problem] In the organic electroluminescence element which prepared an anode 
plate, a luminous layer, an electron injection layer, and cathode at least, an electron injection layer 
consists of a thin film of lithium fluoride, and this invention relates to the organic electroluminescence 
element characterized by the thickness being 0.1-0.4nm. 

[0010] The organic electroluminescence element of this invention is constituted at least from a luminous 
layer and an electron injection layer by inter-electrode. This invention uses lithium fluoride for the 
electron injection layer of an organic electroluminescence element, and makes it the fundamental 
description for the thickness to be 0.1-0.4nm. Hereafter, this invention is explained, referring to drawing 
1 further. Drawing 1 shows the example of 1 configuration of the organic electroluminescence element 
which can apply this invention. Among drawing, (1) is an anode plate and the laminating of a hole- 
injection transportation layer (2), an organic luminous layer (3) and an electron injection layer (4), and 
the cathode (5) is carried out one by one on it. 

[001 1] A thing with the larger work function as conductive matter used as an anode plate (1) of an 
organic electroluminescence element than 4eV is good, and conductive metallic compounds, such as 
those alloys, such as carbon, aluminum, vanadium, iron, cobalt, nickel, copper, zinc, a tungsten, silver, tin, 
and gold, and tin oxide, indium oxide, antimony oxide, a zinc oxide, and a zirconium dioxide, are used. 
[0012] As a metal which forms cathode (5), aluminum, silver, a thing with a work function smaller than 
4eV, for example, magnesium, calcium, titanium, an yttrium lithium and a gadolinium, an ytterbium, a 
ruthenium, manganese, and those alloys are used. 

[0013] In an organic electroluminescence element, it is necessary to use an anode plate (1) or cathode 
(5) at least as a transparent electrode so that luminescence may be seen. Under the present 
circumstances, if a transparent electrode is used for cathode, since transparency will be easy to be 
spoiled, it is desirable to use an anode plate as a transparent electrode. 

[0014] What is necessary is just to form so that desired translucency and conductivity may be secured 
using the means of distributing means, a sol gel process or resin, such as vacuum evaporationo and 
sputtering, etc., and applying on a transparence substrate using conductive matter which was described 
above when forming a transparent electrode. 

[0015] As a transparence substrate, it has moderate reinforcement, and a bad.influence is not received 
in the heat by vacuum evaporationo etc. at the time of production of an organic electroluminescence 
element, especially if transparent, it will not be limited, but if what starting is illustrated, it is also 
possible to use a glass substrate, transparent resin, for example, polyethylene, polypropylene, polyether 
sulphone, a polyether ether ketone, etc. These may be used although commercial items, such as ITO and 
NESA, are known as that by which the transparent electrode was formed on the glass substrate. 
[0016] In drawing 1 , the configuration in which the hole-injection transportation layer (2) was formed on 
the above-mentioned anode plate (1) is carried out. the liquid which dissolved with the solution which 
the hole-injection transportation layer (2) could vapor^deposit and form the compound, and dissolved 
this compound, and suitable resin — a DIP coat — a spin coat may be carried out and you may form. 
[0017] What is necessary is for 1-200nm of the thickness to be usually 5-100nm preferably, when 
forming a hole-injection transportation layer (2) with vacuum deposition, and just to form in about 5- 
500nm, when forming by the applying method. It is necessary to make high applied voltage for making 
light emit, so that the thickness to form is thick, and luminous efficiency tends to cause degradation of 



an organic electroluminescence element bad. Moreover, if thickness becomes thin, although luminous 
efficiency becomes good, it will become easy to **************, and the life of an organic 
electroluminescence element will become short. 

[0018] As hole-injection transportation material used for a hole-injection transportation layer (2) a well- 
known thing ~ usable — for example, N and NT - diphenyl-N and N' — the - screw (3-methylphenyl) -1 
and V - diphenyl -4 and 4' - diamine — N and N' - diphenyl-N and N' — the - screw (4-methylphenyl) 
_v| and V - diphenyl -4 and 4' - diamine — N and NT - diphenyl-N and N' — the - screw (1-naphthyl) -1 
and V - diphenyl -4 and 4' - diamine — N and N' - diphenyl-N and N' — the - screw (2-naphthyl) -1 
and V - diphenyl -4 and 4' - diamine — N, the N'-tetrapod (4-methylphenyl) -1, 1-diphenyl -4, 4 f - 
diamine, N f the N'-tetrapod (4-methylphenyl) -1, the 1 -screw (3-methylphenyl) -4, 4-diamine, N and N' 

— diphenyl-N and N' — the - screw (3-methylphenyl) -1 and V — the - screw (3-methylphenyl) -4 and 
4' - diamine — N, the N-screw (N-carbazolyl) -1, 1-diphenyl -4, 4-diamine, 4 t 4\ a 4"-tris (N- 
carbazolyl) triphenylamine, N, N\ N"- triphenyl-N, N\ N"-tris (3-methylphenyl) -1,3, 5-Tori (4- 
aminophenyl) benzene, four — four — 1 — four — " - tris — [— N — N — ' — N — " - triphenyl - N 

— N — ' — N — " - tris (3-methylphenyl) — ] — a triphenylamine — etc. — it can mention . ** et al. 

— ## — a thing may mix and use two or more sorts. 

[0019] As an organic emitter used for an organic luminous layer (3) Are usable in a well-known thing. 
For example, an EPIDO lysine, 2, 5-screw [5 and 7-G t-pentyl-2-benzoxazolyl] thiophene, 2 and 2'-(1, 
4-phenylene divinylene) bis-benzothiazole, 2 and 2 -(4 and 4 -biphenylene) bis-benzothiazole, 5-methyl- 
2-{2-[4-(5-methyl-2-benzoxazolyl) phenyl] vinyl} benzo oxazole, 2, 5-screw (5-methyl-2-benzoxazolyl) 
thiophene. An anthracene, naphthalene, a phenanthrene, a pyrene, a chrysene, perylene, Peri non, 1, 4- 
diphenyl butadiene, a tetra-phenyl butadiene, A coumarin, an acridine, a stilbene, 2-(4-biphenyl)-6- 
phenylbenzo oxazole, An aluminum tris oxine t a magnesium bis-oxine, screw (benzo-8-quinolinol) zinc, 
Screw (2-methyl-8-kino RINORARUTO) aluminum oxide, An indium tris oxine, aluminum tris (5-methyl 
oxine), A lithium oxine, a gallium tris oxine, a calcium screw (5-chloro oxine), Pori zinc-screw (8- 
hydroxy-5-KINORI noryl) methane, dilithium EPINDORI dione, zinc bis-oxine, 1, and 2-phtalo peri non, 1 
and 2-naphthalo peri non etc. can be mentioned. 

[0020] Moreover, a general fluorescence color, for example, a fluorescence coumarin color, a 
fluorescence perylene color, a fluorescence pyran color, a fluorescence thiopyran color, fluorescence 
Pori methine dye, a fluorescence MESHIANIN color, a fluorescence imidazole color, etc. can be used. 
Among these, as a desirable thing, a chelation oxy-NOIDO compound is mentioned especially. 
[0021] The monolayer configuration of the above-mentioned photogene is sufficient as an organic 
luminous layer (3), and in order to adjust properties, such as a color of luminescence, and reinforcement 
of luminescence, it is good also as a multilayer configuration. Moreover, two or more sorts of photogene 
may be mixed, or other photogene may be doped to a luminous layer. 

[0022] What is necessary is for 1-200nm of the thickness to be usually 1-100nm preferably, when 
forming with vacuum deposition, and just to form it in about 5-500nm, when forming by the applying 
method. It is necessary to make high applied voltage for making light emit, so that the thickness to form 
is thick, and luminous efficiency tends to cause degradation of an organic electroluminescence element 
bad. Moreover, if thickness becomes thin, although luminous efficiency becomes good, it will become 
easy to **************, and the life of an organic electroluminescence element will become short. 
[0023] Next, the electron injection layer (4) of the above mentioned lithium fluoride is formed on an 
organic luminous layer (3). An electron injection layer is formed with a vacuum deposition method, and 
the thickness is 0.1 nm - 0.4nm. It is necessary to make high applied voltage for making light emjt, so * 
that the thickness to form is thick, and luminous efficiency tends to cause degradation of an organic 
electroluminescence element bad. Moreover, if thickness becomes thin, it becomes easy to produce a 
defect difficultly to form membranes to homogeneity, luminous efficiency will also worsen and the life of 
an organic electroluminescence element will become short. 

[0024] Lithium fluoride can be formed with well-known various vacuum deposition, such as the usual 
resistance overheating method and the usual sputtering method, EB vacuum deposition, the ion plating 



method, and ionization vacuum deposition. 

[0025] The organic electroluminescence element of another configuration was shown in drawing 2 - 
drawing 4 . In drawing 2 , (1) is an anode plate t has taken the configuration to which the laminating of a 
hole-injection transportation layer (2), an organic luminous layer (3), an electronic transportation layer 
(6) and an electron injection layer (4) t and the cathode (5) was carried out one by one on it, and 
cpntains lithium fluoride in this electron injection layer (4). 

[0026] In drawing 3 , (1) is an anode plate, has taken the configuration to which the laminating of a hole- 
irijection layer (7), an electron hole transportation layer (8), an organic luminous layer (3), an electronic 
transportation layer (6), an electron injection layer (4), and the cathode (5) was carried out one by one 
on it, and contains lithium fluoride in this electron injection layer (4). 

[0027] In drawing 4 , (1) is an anode plate, has taken the configuration to which the laminating of a hole- 
injection layer (7), an electron hole transportation layer (8), an organic luminous layer (3) and an electron 
injection layer (4) and cathode (5), and the closure film (9) was carried out one by one on it, and 
contains lithium fluoride in this electron injection layer (4). 

[0028] As shown in drawing 2 or drawing 3 f when forming an electronic transportation layer (6) between 
an organic luminous layer (3) and an electron injection layer (4), about 1-200nm of the thickness is 
preferably formed so that it may be set to about 1-100nm. As an electronic transportation ingredient 
used for an electronic transportation layer, a well-known thing is usable, for example, can mention an 
OKISA diazole derivative, a thiadiazole derivative, a chelation oxy-NOIDO compound, etc. An electronic 
transportation layer can be formed by the approach that vacuum deposition, the applying method, etc. 
are conventionally well-known, like a luminous layer. 

[0029] When the above-mentioned organic emitter matter has an electronic transportation function, this 
organic emitter matter may be used as an electronic transportation ingredient of an electronic 
transportation layer. In that case, it can consider as the luminous layer of a configuration of having used 
and doped the same matter also to the luminous layer. For example, it is also possible to form an 
electronic transportation layer by the aluminum tris oxine, and it is desirable to constitute a luminous 
layer from a layer which doped the emitter to the aluminum tris oxine in this case. 

[0030] In the organic electroluminescence element shown in drawing 3 and drawing 4 , the configuration 
which carried out functional separation of the hole-injection transportation layer of drawing 1 two-layer 
[ of a hole-injection layer (7) and an electron hole transportation layer (8) ] is taken. This hole-injection 
layer (7) uses a well-known ingredient, for example, a phthalocyanine compound, a conductive polymer 
compound, an arylamine compound, etc., and is formed in about 1-30nm in thickness by means, such as 
vacuum evaporationo. Moreover, an electron hole transportation layer (8) uses a well-known ingredient, 
for example, a benzidine compound, an arylamine compound, a styryl compound, etc., and is formed in 
about 10-200nm in thickness by means, such as vacuum evaporationo. 

[0031] Moreover, as shown in drawing 4 , when forming a closure layer (9), it is formed in about 5- 
1000nm in thickness by forming a thin film with a vacuum deposition method using compounds, such as 
oxidation silicon, a zinc oxide, magnesium fluoride, and a magnesium oxide. 

[0032] 1 set of transparent electrodes of cathode (5) and an anode plate (1) connect suitable lead wire 
(10), such as a nichrome wire, a gold streak, copper wire, and a platinum wire, to each electrode, and an 
organic electroluminescence element emits light by impressing the suitable electrical potential difference 
(Vs) for two electrodes. 

[0033] Luminescence starting potential required in order for electronic flow to become smooth very 
much by enlarging field strength by electronic impregnation nature's of this invention improving by using 
lithium fluoride for an electron injection layer, and making the film of lithium fluoride very thin with 0.1- 
0.4nm and to make the organic electroluminescence equipment of this invention emit light may be low, 
therefore it is stabilized and it is thought that luminescence of long duration is closed if . In addition, the 
thickness of above-mentioned each class, such as an electron injection layer, can be measured using 
the Xtal oscillation type thickness gage. 

[0034] The organic electroluminescence element of this invention is applicable to various kinds of 



indicating equipments or a display unit. 

[0035] An example is indicated below and this invention is explained to it. In addition, the organic 
electroluminescence element of this invention attains improvement in luminous efficiency and 
luminescence brightness, and reinforcement, and the following example is not the thing of the intention 
limited to the component production approaches, such as the photogene used, a luminescence auxiliary 
material, a charge transportation ingredient, a sensitizer, resin, and an electrode material. 
[0036] the substrate top of example 1 indium stannic-acid ghost covering glass — as a hole-injection 
transportation layer — N and N' - diphenyHM and N' — the - screw (3-methylphenyl) -1 and V - 
diphenyl -4 and 4' - diamine was vapor-deposited and the thin film with a thickness of 60nm was formed. 
[0037] The thin film was formed so that an aluminum tris oxine might be vapo^deposited as an organic 
luminous layer on it and it might become the thickness of 60nm. The thin film was formed so that it 
might become the thickness of 0.3nm with the vacuum deposition method according lithium fluoride to 
resistance overheating as an electron injection layer on it. 

[0038] Next, the thin film was formed so that it might become the thickness of 200nm by vacuum 
evaporationo about aluminum as cathode. Thus, the organic electroluminescence element was produced. 
[0039] In two to example 4 example 1, the organic electroluminescence element was produced 
completely like the example 1 except replacing the thickness of lithium fluoride with as follows as an 
electron injection layer. 

A 4:0.4 nm example 2:0.2nm example 3:0.1 nm example [0040] In one to example of comparison 4 example 
1, the organic electroluminescence element was produced completely like the example 1 except 
replacing the thickness of lithium fluoride with as follows as an electron injection layer. 
4:0nm (with no electron injection layer) of examples of an example of example of example of comparison 
1:0.5nm comparison 2:0.8nm comparison 3:1. Onm comparison 

[0041] the substrate top of example 5 indium stannic-acid ghost covering glass — as a hole-injection 
transportation layer — N and N' - diphenyl-N and N' — the - screw (1-naphthyl) -1 and 1' - diphenyl - 
4 and 4' - diamine was vapor-deposited and the thin film with a thickness of 55nm was formed. The thin 
film was formed so that vapor codeposition of the thing which moreover made the aluminum tris oxine 
dope rubrene 5% of the weight as an organic luminous layer might be carried out and it might become 
the thickness of 1 0nm. 

[0042] Next, the thin film was formed so that it might become the thickness of 45nm by vacuum 
evaporationo about an aluminum tris oxine as an electronic transportation layer. The thin film was 
formed so that it might become the thickness of 0.35nm with the vacuum deposition method according 
lithium fluoride to resistance overheating as an electron injection layer on it. The thin film was formed so 
that it might finally become the thickness of 200nm by vacuum evaporationo about aluminum as cathode. 
Thus, the organic electroluminescence element was produced. 

[0043] In six to example 8 example 5, the organic electroluminescence element was produced 
completely like the example 1 except replacing the thickness of lithium fluoride with as follows as an 
electron injection layer. 

A 8:0.4 nm example 6:0.25nm example 7:0.1 5nm example [0044] an example — nine — an indium a 
stannic acid — a ghost — covering — glass — a substrate — a top — a hole injection — a layer 
****** — four — four — ' — four — " - tris — [ — N — N — 1 — N — " - triphenyl - N — N — ' — 
N — " - tris (3-methylphenyl) — ] — a triphenylamine — vapor-depositing — a thin film with a 
thickness of 15nm — having formed . next, a hole-injection layer top — as an electron hole 
transportation layer — N and N' - diphenyl-N and N' — the - screw (4-methylphenyl) -1 and V — the - 
screw (3-methylphenyl) -4 and 4' - diamine was vapor-deposited and the thin film with a thickness of 
45nm was formed. The thin film was formed so that it might become the thickness of 30nm by vapor 
codeposition about the thing which moreover made the zinc bis-oxine dope rubrene 5% of the weight as 
an organic luminous layer. 

[0045] Next, the following OKISA diazole compound as an electronic transportation layer (A): [Formula 
1] 



It vapor-deposited, and the thin film was formed so that it might become the thickness of 30nm. 
[0046] The thin film was formed so that it might become the thickness of 0.3nm with the vacuum 
deposition method according lithium fluoride to resistance overheating as an electron injection layer on 
it. Finally, the thin film was formed so that it might become the thickness of 200nm by vacuum 
evaporationo about Mg and Ag of the atomic ratio of 10:1 as cathode. Thus, the organic 
electroluminescence element was produced. 

[0047] When an electrical potential difference was impressed to **** for direct current voltage, having 
used the glass electrode as the anode plate for the organic electroluminescence element obtained in the 
evaluation examples 1-9 and the examples 1-4 of a comparison, the luminescence brightness (cd/cm2) 
when applying the luminescence brightness (cd/cm2) when applying the electrical potential difference 
(V) which starts luminescence, and the direct current voltage of 5V, and the direct current voltage of 
10V was measured, moreover, the decreasing rate of the initial output at the time of making it operate 
with the current density of 5 mA/cm2 for 5 hours — it asked for (% ([the output (mW/cm2) / initial 
output (mW/cm2) x100] of 5 hours after)). A measurement result is collectively shown in Table 1. 
[0048] 
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[0049] As shown in Table 1, the organic electroluminescence element of this example started 
luminescence by low voltage, and showed good luminescence brightness. Moreover, the organic 
electroluminescence element of this example had little loss of power, and stable long luminescence of a 
life was able to be observed. 
[0050] 

[Effect of the Invention] The organic electroluminescence element which was excellent in endurance 
with low luminescence starting potential with large luminescence reinforcement with this invention by 
making the electron injection layer of an organic electroluminescence element contain a specific 
compound can be obtained. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline sectional view of the example of 1 configuration of the organic 
electroluminescence element of this invention. 

[Drawing 2] The outline sectional view of the example of 1 configuration of the organic 
electroluminescence elemient of this invention. 

[Drawing 3] The outline sectional view of the example of 1 configuration of the organic 
electroluminescence element of this invention. 

[Drawing 4] The outline sectional view of the example of 1 configuration of the organic 
electroluminescence element of this invention. 
[Description of Notations] 

1: An anode plate, 2:hole-injection transportation layer, a 3:organic luminous layer, 4:electron injection 
layer, 5:cathode, a 6:electronic transportation layer, 7:hole-injection layer, 8:electron hole transportation 
layer, 9:closure layer, 10 : lead wire 
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